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Fluoroquinolones, the antibiotic class with optimal pharmacokinetic and pharmacodynamic properties, have been associated with cartilage toxicity in animals.\[[@ref1]\] Trials in children have not reported arthropathy as illustrated in juvenile animals.\[[@ref2][@ref3][@ref4][@ref5][@ref6]\] However, despite emerging data on their reasonable safety,\[[@ref1]\] the first-line therapy of fluoroquinolones in children is not recommended.\[[@ref1][@ref7]\] Concerns over antimicrobial resistance as well as the cartilage side effect profile lead to restricted use of this class of antibiotics in children.\[[@ref7][@ref8]\]

The US Food and Drug Administration (FDA) approves ciprofloxacin for certain indications in children. Besides, the American Academy of Pediatrics (AAP) has provided a list of possible appropriate uses of systemic fluoroquinolones in children after risk/benefit assessment\[[@ref1][@ref7]\] \[[Table 1](#T1){ref-type="table"}\]. Meanwhile, off-label use of systemic fluoroquinolones has expanded in children.\[[@ref6][@ref8][@ref9][@ref10][@ref11]\]

###### 

AAP list of possible uses\* and the FDA-approved indications for fluoroquinolones in children
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In the present study, we evaluated the use of systemic ciprofloxacin in children. The primary end point was to evaluate to what extent and how ciprofloxacin is administered based on the AAP policy statements or FDA-approved indications. In addition, off-label prescriptions were also determined and were classified to justified and unjustified therapy subgroups. The secondary outcomes were to evaluate dose adequacy and treatment duration.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

The present work was conducted prospectively in general wards and Intensive Care Units of a referral tertiary-level hospital; the Children\'s Medical Center. This study was approved by Tehran University of Medical Sciences\' Ethics Committee. The study was done only on inpatients. Outpatient populations were not included in this study.

Medical records of all children who received oral or intravenous ciprofloxacin for at least 48 h were evaluated. Demographic and clinical data including age, gender, weight, underlying medical conditions on admission, and baseline serum creatinine were recorded for all patients. Age groups were categorized according to the European Medicines Evaluation Agency (age category).\[[@ref12]\] Ciprofloxacin administration data including dosage form, dose, indication, concomitant antibiotics, and duration of therapy were also recorded. There was no predefined written protocol for ciprofloxacin administration in our center.

Concomitant antibiotics were defined as any other antibiotics prescribed for 48 h simultaneously to ciprofloxacin. In case of culture proven infections, pathogen susceptibility data were recorded as multidrug resistant (MDR), extensively drug resistant (XDR), pandrug resistant (PDR), and, MDR; possible XDR, based on a standard definition.\[[@ref13]\]

Indication for ciprofloxacin prescription was categorized to "AAP/FDA" or "off-label." Ciprofloxacin prescription was considered "off-label" if it was used in clinical situations other than stated by the AAP and FDA. We further classified off-label prescriptions to "justified" and "unjustified" therapy subgroups. Definitions of ciprofloxacin prescriptions are presented in [Table 2](#T2){ref-type="table"}. The "AAP/FDA" and the "justified" groups constituted the "appropriate" prescriptions.

###### 

Descriptions of ciprofloxacin prescriptions
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Of note, there was no overlap between the "AAP/FDA" category and the "justified" therapy subgroup. Indeed, the "AAP/FDA" indications encompassed only culture-positive infections, while "justified" therapy subgroup included two settings; first, positive cultures other than those stated in the AAP/FDA category, second, culture-negative infections (empiric therapies) prescribed based on clinical judgment and both in the settings of an absent appropriate alternative antibiotic. Based on the authors\' definition, an appropriate alternative antibiotic was defined as any other nonfluoroquinolone antibiotic that could be prescribed instead of ciprofloxacin based on the clinical indication, spectrum of activity, or susceptibility testing; except colistin, chloramphenicol, tigecycline, and tetracyclines. Tigecycline use in children should be reserved when no alternative antibiotics are available, because of effects on bone and tooth development and no available safety and efficacy data in children. Besides, there are concerns on increased mortality with tigecycline in adult patients. Chloramphenicol use in children should be reserved when less potentially toxic antibiotics will be effective, because of fatal blood dyscrasias and the need to monitor serum levels in children. Colistin is reserved for pan-resistant nosocomial infections.\[[@ref14][@ref15][@ref16][@ref17][@ref18]\] Thus, based on the above evidence, we did not consider colistin, chloramphenicol, tigecycline, and tetracyclines as the appropriate alternative antibiotics for ciprofloxacin, when ciprofloxacin is used on an FDA/AAP indication.

Adequacy of prescribed dose was assessed in three clinical subgroups; adequate, under, and over dose. Adequate dose was defined as oral dose of 40 mg/kg/day in cystic fibrosis (CF) patients\[[@ref19][@ref20]\] and 20--30 mg/kg/day oral or intravenously in other clinical situations.\[[@ref21]\]

Statistical software SPSS version 11.5 (IBM company, Chicago, IL, USA) was applied for analysis. We have reported continuous variables as mean ± standard deviation (SD) for age, treatment duration, and dose.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

During a 10-month period, there were a total of 14,511 hospital admissions. During this period, 32 patients were prescribed ciprofloxacin. There were 14 boys. Mean age of the participants was 8.85 ± 3.87 years. Ciprofloxacin administration mostly occurred in children aged 2--11 years (*n* = 25) and adolescents aged 12--18 years (*n* = 5).

Among the participants, 9% (*n* = 3/32) had CF and received ciprofloxacin for community-acquired infection, while 91% (*n* = 29/32) had received ciprofloxacin for hospital-acquired infection.

Of the total 32 children who received ciprofloxacin, 7 (22%) were prescribed in accordance to the AAP/FDA criteria. Twenty-five (78%) children had received ciprofloxacin as off-label. Among the 25 off-label prescriptions, 5 (15%) were categorized as justified therapy and 20 (63%) were noted as unjustified. Thus, the appropriate indication for ciprofloxacin therapy occurred in 12 (37%) participants. A detailed description of appropriate ciprofloxacin prescriptions is outlined in [Table 3](#T3){ref-type="table"}. Regarding unjustified therapies (20 patients); in 7 children, it was not administered based on clinical judgment or pathogen susceptibility data; in 6 children, it was prescribed based on clinical judgment but in the presence of an appropriate alternative antibiotic; and in 7 children, it was prescribed based on culture data but in the presence of an appropriate alternative antibiotic.

###### 

Description of appropriate ciprofloxacin prescriptions
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Among the study participants, four children received ciprofloxacin for Crohn\'s disease with abdominal abscess. Among these, three children received ciprofloxacin as off-label, justified \[[Table 3](#T3){ref-type="table"}\].

Among the study participants, two children received ciprofloxacin for *Acinetobacter baumannii* infection. One child had meningitis by MDR, possible XDR *A. baumannii*. Antibiotic regimen consisted of colistin plus amikacin and ciprofloxacin. Ciprofloxacin was added to colistin due to repeated positive cultures, despite antibiogram showing resistance to ciprofloxacin. Ciprofloxacin use was considered to be in line with the AAP guideline in this case being defined as documented bacterial meningitis, pathogens with *in vitro* resistance to approved agents \[[Table 3](#T3){ref-type="table"}\]. No increase in seizure frequency was observed in this patient. The other patient had ventilator-associated pneumonia due to MDR, possible XDR *A. baumannii*. A combination of colistin, amikacin, and ciprofloxacin was used. Ciprofloxacin administration was considered off-label; unjustified. Bacteriological clearance occurred in both patients.

Mean ± SD of treatment duration was 13.56 ± 8.48 days. Duration of treatment of the appropriate prescriptions was determined to be appropriate.

Four children received prolonged ciprofloxacin duration. One patient had chronic mucocutaneous candidiasis. The child had chronic diarrhea and received ciprofloxacin for 81 days. One patient had chronic granulomatous disease and received 98 days of therapy with ciprofloxacin for sensitive Salmonella typhi urinary tract infection and as antibacterial prophylaxis thereafter. One patient had common variable immunodeficiency and received ciprofloxacin for diarrhea for 35 days. Finally, one patient received ciprofloxacin for ventilator-associated pneumonia due to *A. baumannii*. The child received 32 days of treatment guided by clinical course. Regarding treatment indication, all the above cases were considered as off-label; unjustified. That is ciprofloxacin initiation was prescribed based on clinical situation but in the presence of an alternative antibiotic.

Mean ± SD ciprofloxacin dose (mg/kg/day) was 21.25 ± 6.35. Adequacy of dose prescribed was evaluated only in participants in the appropriate indication group. Among 12 children with "appropriate" ciprofloxacin prescriptions, 58% (*n* = 7) received adequate dose and 41% (*n* = 5) were underdose, including two children with CF in the latter group.

Among the 12 appropriate prescriptions, ciprofloxacin was prescribed as a part of combination regimen in two children which occurred in documented bacterial meningitis and *Mycobacterium avium* complex pulmonary infection.

Among the "appropriate" prescriptions, ciprofloxacin was administered empirically in five and microbiologically documented in seven patients, in which, Pseudomonas aeruginosa was the most common pathogen for which ciprofloxacin had been prescribed. Susceptibility of pathogens for which ciprofloxacin was prescribed appropriately comprised five MDR, possible XDR organisms. Susceptibility pattern could not be determined for two of the pathogens.

Two patients developed generalized erythematous rash on days 4 and 8 of therapy, which resolved after cessation of ciprofloxacin. The drug was not re-challenged. No case of arthropathy was observed during hospitalization, based on patients\' or their caregivers\' reports or in some patients by physical examination performed by physician. It should be noted that the short-term monitoring of patients (only during the course of hospitalization) hampered any assessment of musculoskeletal adverse events.
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In the present study, we assessed ciprofloxacin use mainly in non-CF children with hospital-acquired infections. Results of this study showed that only 37% of children received ciprofloxacin appropriately. Most of the appropriate prescriptions were AAP/FDA-approved indications. Children with Crohn\'s disease with abdominal abscess and children with infectious bloody diarrhea constituted the off-label; justified therapy subgroup. On the other hand, the unjustified prescriptions mainly occurred in the setting of the presence of a suitable alternative antibiotic for ciprofloxacin.

Yang *et al*. evaluated indication for ciprofloxacin usage in hospitalized children.\[[@ref10]\] In corroboration with our results, the study demonstrated that the majority of children were receiving ciprofloxacin in an inappropriate manner. While Yang *et al*\' s. definition of inappropriate therapy was the same as our study; definition of appropriate therapy differed with our study. Yang *et al*. considered appropriate therapies as (i) prescriptions that were based on susceptibility testing, in the absence of an appropriate alternative antibiotic; defined as aminoglycoside or colistin or (ii) prescriptions when ciprofloxacin was the only oral therapy available. In addition, the AAP/FDA indications were not addressed in their study.

In contrast to Yang *et al*\'s. study, we defined a broader range of appropriate therapies including the AAP/FDA guidelines as well as empiric prescriptions (based on clinical judgment) in the absence of an appropriate alternative antibiotic. We also did not include aminoglycosides as an appropriate alternative antibiotic, which is considering ciprofloxacin use after an aminoglycoside.

In the present study, off-label, justified therapy subgroup, encompassed children with Crohn\'s disease with abdominal abscess and children with infectious bloody diarrhea. The North American Society for Pediatric Gastroenterology Hepatology and Nutrition clinical report illustrates fluoroquinolones as an oral treatment option in Crohn\'s disease.\[[@ref22]\] However, it should be emphasized that this report is in agreement with the general principle of ciprofloxacin administration in pediatrics; using this drug when no safe and effective alternative exists.\[[@ref1][@ref7]\] Based on this, one patient with Crohn\'s disease and intra-abdominal abscess taking oral ciprofloxacin was determined to have received it as "unjustified," since there was an alternative.

In the present work, empiric therapy of a bloody infectious diarrhea, when no pathogens were isolated, was considered an off-label; justified use. Justification was based on the WHO recommendation: ciprofloxacin being the drug of choice for all patients with bloody diarrhea, irrespective of age.\[[@ref21]\]

Regarding *A. baumannii* infection, the choice of combination antibiotic therapy in children for this MDR organism and outcome using ciprofloxacin remains to be elucidated in further studies.

Unfortunately, only 41% of appropriate prescriptions were in adequate dose. Similarly, Yang *et al*\' s. study showed that 39.1% of children in whom ciprofloxacin was prescribed appropriately received incorrect dose.\[[@ref10]\] Our results showed that children with CF are vulnerable groups to receive insufficient dose. This might be due to unawareness of health-care professionals regarding recommended higher doses of ciprofloxacin in these patients.\[[@ref19][@ref20]\] It has been illustrated that suboptimal dosing of ciprofloxacin may be associated with decreased susceptibility of *P. aeruginosa* in CF patients.\[[@ref19][@ref20]\]

In this study, we rated the appropriate use of ciprofloxacin as either monotherapy or combination therapy. It should be noted that appropriate use of ciprofloxacin could occur in both settings.

In the present study, arthropathy was not seen. Although it has been illustrated that arthropathy is not dose or duration dependent,\[[@ref23]\] mostly a longer follow-up is required to detect this side effect.\[[@ref2]\]

Results of the present study underscore the need for antimicrobial stewardship program (ASP) on ciprofloxacin use in pediatric hospitals. Advantage of ASP in the adult setting includes reducing errors in antibiotic selection, dosing, and enhancing adherence to guidelines.\[[@ref24][@ref25]\] In particular, pediatric ASP has demonstrated decreased antibiotic utilization, cost, and prescription errors.\[[@ref24][@ref26]\] However, decreased development of bacterial resistance has not been elucidated.\[[@ref26]\] Regarding pediatric ASPs evaluating antibiotic utilization, days of therapy/1000 patients was the main metrics assessed, while antibiotic selection patterns, de-escalation, and adherence to guidelines are also important aspects that should be evaluated.\[[@ref26]\]

The limitations of the current work include the short duration of observation for detecting musculoskeletal adverse events, reliance on patients\' or caregivers\' self-reports and in some children, reliance on physical examination performed by the treating physician to detect this side effect, which was not applicable in all patients. Besides, there was no predefined checklist for evaluation of potential short-term adverse effects associated with ciprofloxacin including peripheral neuropathy, drug--drug interactions, and QT prolongation.

The majority of children were receiving ciprofloxacin off-label and inappropriately. This issue emphasizes that ASP on ciprofloxacin use in pediatric hospitals should be implemented. Further studies evaluating clinical and microbiological outcomes including antibiotic selection patterns, adherence to evidence-based guidelines, and antibiotic resistance with such ciprofloxacin ASPs in children are needed.
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